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FULL-SCALE WIND-TUNNEL AND FLIGHT TESTS OF

A FAIRCHILD 22 AIRPLANE EQUIPPED WITH A ZAP FLAP

AND ZAP AIL3RONS —

BX C. H. Dearborn and H. A. SOU16

SUKMAiLY

—

A wing equipped with a Zap flap and Zap ailerons was
tested on a Fairchild 22-airplane in the full:scale”w~n~
tunnel ani in flight to determine the effect of the f~e~a
and ailerons on the performance and the control ch-~racter-
istics of the airplane. The flaps mere 0.710”-6f the w“~ng ““

—-.

chord and 0.83 of the wing span. Two sets of ailerori~ h&7-
ing equal areas but different proportions were tested, o“ne
set being 0.56 of the semis-pan and 0.18 of the “chor=~d the
other set being 0.46 of the semispan and 0~22 of th=” chor=i

The wind-tunnel tests showed that, when the ailerons
and horizontal tail surfaces were removed, the flap-s iii- ‘“-”
creased the maximum lift coefficient from 1.48 to 2“.39.
In flight, the fully deflected flaps decreased the minimum
speed from 48.2 to 38.8 miles per hour. The take-off an~”
landing distances were both reduced by t“he“flaps. The wind-

.-
---

tunnel-tests ~homed the ailerons to increase the drag coef-
ficient, at a lift coefficient and Reynolds” ‘Numl$ei-corre-
sponding to the high speed of the airplane, from !3.0432 to
0.0498 and 0.0514, the 0.46 semispan ailerons giv~n~” the
highest drag. In the flight tests both sets of a-ilero–ns
were. found to give satisfactory rolling action in the nor-
mal-flight range~ They required relatively large ~tic-k
forces for their operation, hnwever”, and- the variat”io”n--o-f
the forces with aileron deflection Was not linear.

INTROI!UCTION
Q

At the request of the Bureau of Aeronautics, Navy De-.
partment, the National Advisory Committee for Aeronautic-s
is conducting a series of tests of different types of

—
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flapped wings on a l?airchild-.22 afrPl~~. The tests con-
sist of the measurement in the full-scale wind tunnel of
the primary aerodynamic characteristics of the airplane
with each type of flap end, in flight, of the determina-
tion of the take-off, landing, and other characteristics
not readily determined in the wind tunnel. The results
from the J?owler-wfng tests are given in reference 1. The
present paper deals vith”the results of -the tests of the
Zap wing.

The Zap wing was fitted with both Zap flaps .and-Zep
ailerons. The Zap flap is primarily a split flap but dif-
fers from conventional installations of flaps of this
type in that its leading edge iS moved aft along the lcwer
surface of the wing as the flap angle is increased, so
that the-trailing edge of the flap remeins approximately
under the trailing edge gf the wing. The Zap ailerons are
small-chord airfoil surfac.~ fitted with leading-edge
slats. They are mounted above and slightl”y for”ward of the
trailing edge of the wing and. are pivoted so that the an-
gles of attack may be varied relative t~ the wing chord.

Although the Zap ailerons are usually employed in
connection with Zap flaps, it is nob essential that they
be used together. In the nresent ‘tests, therefore, the
effects of the flaps and a~le~ons, wherever possible, were
separately determined.

AIRPZANE AND WLNG

The Fairchild 22 airplane 1s a small externally braced
monoplane equipped with a 32-fnot 1(1-inch epan, 5-foot 6-
inch chord wing of N-22 airfoil section. The area of the
wing is 171 square feet arid it weighs approximately 200
pounds. The lateral control is prcvided by means of conven-
tional ailerons of 12-inch (0.l~2c) chord extending across
practically the entire trailing edge of the wing (0.833),

The Zap wing (figs. 1 to 5 and table 1) has the same
plan form and airfoil. section as the standard wing an~ was
mounted on the Fairchild 22 fuselage with the same angle
of wing setting and Iihe same dihedral angle. It weighed
370 pounds, 170 pounds more than the standard wing. The
flaps had a chord equal to 0.30c. They extended over the
entire trailing edge -of the -wing with the exception of bhO
rounded t-ips and a 3-foot cut-out over the pilot~s cockpit,

.,

.

.
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the span being equal to 0.83%. When fully deflected, the
flaps made ‘an”angle’-bf 59 0 t“o the wing chord and their
leading edges weie o,SOC tack ofl”thk leading edge of the
wing~ Twenty-eight turns of the operating crank located “’
in the cockpit were required to lower the flaps fully. The
relation of the flap position and tuins of the operating
crank to the flap angle. is given in figure 66

‘.: .-

Two sets flf ailerons @f Clark Y airfoil section having
approximately the same area but differing in aspect ratio
were prbv~ded for installation on the wing.

—.
Both Mere fit- ““

ted with leading-edge sl”ats having ch~fids equal to 0.115
of the respe~tive ailerob chorddi” ?)ne set had the-r3poF~” ‘- -–”=
tions of pre~ious installations Of Zap ai>Oron& “WitE
of 0.56 %/2

.s s>ati”
and chord of 0.18cJ As the””pievlous instal-

lations had been unsatisfactory because the ailerons had:ap- ~
preciably lowered the high sg~eds “of the.airplanes to tihich
they had %een fitted, the secbnd set of”ailerofis me~e ~?ie
with a span of only ,0.46 b/2 and a- chord of 0.22cam=%he
assumption that the aileron diag would be decreased with
small”er aileron sp.~. —-“. ...

In previous installations of the Zap ailerons, con-
. .

siderable difficulty had also been experienced in b%taining
satisfactory stick force9. In order that stick force6. ‘“

.

could be investigated, if such an investigation W&Z-e-”found -
e.dvissble, means were provide~ for iocating the aileron’ ‘“
hinge axes for both sets of ailerons at 0.18, 0*20, and . - ‘“
C.22 cf t-he resPec%-3.v-eaileron chords. ‘The leading-edge
slats were ’also adjustable as to position and lillgle. The
ailerbh mechanism was arranged to nperate the aileron’s
differentially, the maximum up deflection being ~0° and
the down deflection 15° from”the neutral se”tting.

.=.-.—— ..* a-..., — —

WIND-TUNNEL TESTS

Test Conditions

.
All wind-tunnel tests were made without. the hori?on-.

tal tail surfaces and propeller (fig.- 5). The first te-sta
● determined the aerodyna-m-ic characteristics of the airplane

with the flap set at 0°, 20°, 40°, 50°, and 59° and with ‘+ =
no ailerons. The tests with the flap at 0° and 59° were

? repeate~ with both sets of ai”lerons. ““The 0.18c”%ilei@ns .

wer~ te:s{ed both-with and” without slats, the “0.=c af”ler-
ons only wit’h slats. These tests were made at a “tunnel.- .- —
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s~eed of” approximately 57 mtles. per hour and covered an
angle-of-attack range from --15° to 20°. Tests were then
made over” a speed range from 25 to 80 mile~ per hour to
determine the scale effect on the maximum lift coefficient
f%r.’the flap-up ‘and flap-down positions with no ailer~ns.
The scale effect on the minimum drag coefficient was in-
vestigated over a speed range from 30 to 120 miles per
hour with the flap up, with the ailerons removed, and with
the three” aforementioned aileron arrangements.

Results and Discussion

The” results have been correcte&f.or wind-tunnel ef’-
fects and are presented in curve form in figures 7 t-o–13.
The curves” of lift; ‘drag, and pitching-moment coefficients
plotted against engle of attack are shown in figures 7, 8,
and 9, as determined from tests at an air-stream velocity
of approximately 57 miles per hour. Figure 10 presents a
portion of the data replotlmd. in the form of polars, The
results of the scale-effect tests are presented in figures
11, 12, and 13. !

1

The lift curves (fig. 7] for the various flay. settings .

investigated show normal vari~t.ions with flap pcsi”tion ill
that as the flap was lowered the angle of zero lift occurred.
at larger negative angles of attack, the slope of—the curves

.

remains essentially constant, and the stall occurred at ap-
proximately the same angle of attack. Wi%h the flaps up
the peak of the lift- curve is well &efinet. and fairly smooth,
but with flaps down the cubves show a consistent ‘rhystere-
sis’1 effect as the angle of attack was increased beycnd the
stall and then reduced. Auparentl-y the wing was unable to
reestablish smo~th flow conditions after the burble had once
set in and the angle of attack was reduced 2° or 3° be~~w
that-at which the wing originally stalled. This phenomenon
results in a system of double pe.slksin t-he lift curves and
gives ho possible values for the maximum lift. coefficient.
These values of

cLmax
for the various flap settings are

tabulated below.

Flap deflection cLmax
-.

degrees XT increasing aT decreasing

o 1.48 1.48
20. 1.96 1.89
40 2.28 2.21
50 2.37 2.28
59 2.z.9 2,27---

,
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.

The curves of lift, drag, and pitching-moment coeffi-
cients plotted against angle of attack are shown in fig-
ures 8 and 9 for the airplane as tested with the 0.18c and
0.22C ailerong. A comparison between the curves on these
figure’s and those of figure ‘7 indicates the effect of the
ailerons on the aerodynamic characteristics of the air-
plane~ In general, the installation of the Zap ailerons
decreased the lift of the airplane and increased the drag.
This result is illustrated more clearly by the polars.
shown in figure 10 for the airplane yith and without the

.... -

0.18c ailerons. It is evident from these polars that th~
ailerons would have” a marked adverse effect on th”e perform- ‘“”
ante of the airplane.

The effect of the neutral setting of the aileron on
the characteristics of th-e airplane was “inves%igat6”d-~R–-
preliminary tests in which the 0.18c ailerons were tested
at several angles from Oo to 60 to the wing chord. The re-
sults of these tests are not shown by separate curves ‘as
it was found “that, irrespective of” aileron setting within
this range, the polars of the airplane were identical m~th
that shown in figure 10 for the 0.18c ailerons set at 3°.

Figure 11 shows the scale effect on the minimum drag
coefficient of the airplane for four conditions: ailerons
off, 0.18c ailerons wi~h slats, 0.18c ailerons without
slats, and 0.22c ailerone with slats. As preliminary com-
putations had shown that the high speed of the airnlane
would correspond to a lift coefficient of approximate_ly”-

—-— ....—---

0.3, figure 12, showing the scale eff?ct on the drag coef-”
ficient at this lift coefficient, has been prepared and
included. The curves for the airplane without the a?-ler-
ons are very smooth. :The corresponding curves for the
different aileron conditions, however, are much less con-
sistent and show some scattering of individual Points~
which would indicate that the ailerons and their supports
produce relatively large and unstable interference effects~
The following table gives the minimum drag coefficient and
the drag coefficient at a lift coe,ff.i”c.~entOf 0s3 for the
various aileron’ conditions at an air speed of 100 miles
per hour. In addition , the increase in drag resulting
from the ailerons is tabulated as apercentage of the min-
imum drag of the airplane without ailerons and ae a per-
centage of the estimated drag coefficients for the “wing
alone~

—

...
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, .,

Aileron
condition

!?0,qi-
lerons

0.18c ai-
leron;
slat off

0.18c ai-
leron,
slat on

0.22c ai-
leron,
slat on

C%in

0.0411

.046Q

.04’73

.0484

CDmi n

,(3049

.0062

● 00’73

“%in
c~in*

‘(withno
.ilerons)

percent

11.9

15.1

17.8

“%in
C~i n*

*(for wing
alone esti-
mated)

percent-

57.6-

73.0

86.0

D at

& 0.3

1..0432

.0488

●049E

.0514

LCD at

CL 0.3

0.0056

.006C

.0082

ACD

‘(with 110
~ilerons)

at
CL 0.3

percent
.. . .....-—.. —

13.0

15.3

19.0

●

✎✌

The table shows that for a lift coefficient of 0.3

—

the increase in drag resulting from addition of.the ai-
le~ons was considerably greater than for the minimum-drag
condition; also, that the ailerons with the. shorter span
gave the greater drag. . . —

Curves of maximum lift coeffl.cienti plctted against
Reynolds Number are shown in figure .13 for the Fairchild
22 airplane with the flaps Up arid .doy.n..~“The curves show
that the scale effect on ma.ximumlift co”ei%i.c$–e’~;””-.wa-s“1-6”s:”
with. the flap down than tiith the flap up.

Performance Computations

Figures 14 and 15 illustrate the effect of the Zap
flap and ailerons on t-he perf o.rman.c.e:..0$. $!.e. a.; .r%we:. . _

They present velocity &iagrams and horsepower curves, Te-
*

spectively, and are based on the data from the full-scale
1

wind tunnel. I.t should be auoreciated that, although they-. ?-.’
show the effect of the flap an~ ailerons on the perform-- ‘-
‘ante of the airplane, they do not accurately represent the ,

-.

,
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true psrfor’mance because, in particular, the horizontal
tail surfaces were not in place during the .tunriel tests
and the horsepower-available curve used is only approxi-
mate. .,-

.
Computed gliding ch~racteristic~.- The effect of the

Zap flap and- ailerons~~:the gliding characteristics of
the airplane is shown by~the lower” curves” cif the velocity
diagram (fig. 1’4). The;-principal items of performance as
shown by the curves are given in the following ta%le.
Comparati-ve data for the airplane fitted with an N.A-.C.A “ . ‘-
CYH wing, which have already been used as a ba”sis for com-

‘parison in reference 1, are also given in the ta%le. Un-
der ‘fEqual disposable load, IIallowance has been made for
the greater weight of the wing fitte~ with the Zap flap
and ailerons. .

Wing

.

.
Zap
No ailer-
ons

0.22c ai-
lerons

N.A.CJ.A. “

Equal gross
weight

Equal dis>
posaole
load

Minimum speed Minimum
gliding

Weight Flap
Flap

angle

up down

lb. m.p.h. m.p.h. deg;

1,600 49.3 3e.4 5.6

il
1,600 49.9 39.5 5.9,

1,500 50.6 - 5.4

1,430 48.0 - 5*4.

.— .— —

:lidingangle
at minimum

Horizontal distance
traveled during

speed ] 100-foot desce~t

Flap
Up

deg.
.—

7.4

7.7

7.4

7.4

.——

Flap
dOWIl

deg.

13.7

13.9

,“

——

Maximum

ft.

1,020

.

967

1,058

1,058 “

Minimum

ft.

410

410

770

777
.—. —

“The tabulated values show that the minimum speed and
minimum gliding angle of the al”rpl~ne with Zap flaps down
were slightly increased by the installation--of the .ail”erons.
As compared with the ~.A.~.A. CYH wing, the Zap tlap, de-
spite the increased wing Weight, gave- a decrease of 8.5

_ _l$ith the Ztip flap amiles per hour for the miaimum sp?ed,

.’
.,
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possible variation of the gliding aqgle of 8.1° was ob-
tained from the maximum L/D to the stall, as compared
with 2° for the N.A.C.A. CYH wing.

Com~uted power-on characteri~ti~q.- The results of
the computations for power-on flight are illustrated by
the upper curves of figure 14 and by figure 15. The com-
plete power-required curves of figure 15 and the curves of
figure 14 were computed>n” the basis of wipd-t~nel data
for a test velocity of- 57 miles per hour-~ The poriions of
t%e power-required curv~~ for a t~st- velocity of 105 miles
per. hour are given in figure 15.

The pri~ciprl ite~sa~the power-on performance as
shown by the figures including similar data for the N.A..C.A.
CYH wing are given in the following table. .

wing Weight

lb:

Zap (flap up)
No ailerons “ 1;600

0.22c ailerons 1,600

N.A,C.A. CYH.
J3qual.gross weight 1,600

Equal disposable
load 1,430

Maximum rats
of climb

ft. per min.

!580 ‘

537

594

‘?15

High speed
(tGst velocity =
105 m.p.h.)

m.p.h.

i13m8

104.2

110.6 – .

114.9

.

.

The table shows that the Zap flap had very little e+
feet on the power-on performance-as c~nipared w;th the
N.A.C.A. CYH wing., except for the clim~ with the lighter
weight, The–-increased weight accompanying the installation
of the fia,p and ailerons ‘accounted f%r a “reduction in the’
maximum rati-of climb by approximate ~ 135 feet per minute
and the maximum angle of climb by 1.6 . The Zap ailerons,
however, had considerable adverse effect on the perform- ●

ante, the high speed in particular being reduced from 113.8
to 104.2 miles per hour. If constant .~vai,l.abl.ehorBepQRer
as could be obbaflned with a propel+er especially suited to

a“

the Zap wing installation is ~fisumed, the high speed with
the Zdp ailerons WOUI& be i~creased from 104,2 to IQ6.2
miles per hour.



N.A.C.A. Technical Note Nq. 596 9

FLIGET TESTS

The flight tests.consisted of preliminary flights to
obtain satisfactory arrangements- of the ailerons for the
rest of the tests; the measurement of ~he ailerori- c~arac-
teristics for the arrangements found; and the de%er-mina--
tion of the effect of the flap on the lom spee& of t-he
airplane, the take-off and landing run, and the longitudi-
nal stability and control characteristics. Ai+eron .effe.c-
tiveness was determined hy measurement of the maximum an-
gular acceleration and rate of roll that could he obtained
With the ailerons. The low speed of the.air_~lane Was meas-
ured by an air-speed recorder t-hat had pr-evio”usly bee”n‘cal-
ibrated against the sus~ended pitot head. The tak”e-off

—-

and landing runs were measured hy means of the method de-~
scribed in reference 2,

.
involving the use of a phototheod--

elite. The effect of the flap on the longitudinal stabi~- ‘“- ‘
ity and control characteristics was determined hy pil-o~s~
observations. The flap-operating force was measured %y”a
spring balance attached to the flap-operating crank. For,
the tests of the flaps, the 0.22c ailerons were installed
on the airplane.

Tests with Zap Ailerons

Preliminary flightq.- As the reduction of aileron
span was shown by the wind-tunnel tes-ts to have tin-adv8tise
effect on-the-aileron drag, it was evident that the ailer-
ons need.lurther development if their drag i_s to %-e redticed.
Far this reason a complete investigation”o$ “the st~”ck force&
utilizing all the adjustments available was no,t“cOnsi&6f5d
warranted at the prese~t time. In the preliminary flights,
an,attempt was mada cnly to obtain-stick forces sufficient-
ly satisfactory for comparison of the effectiveness of the
two sets of ailerons and--for the flap tests. The Ri-lero-n

-.

leading-edge slats were placed in a gosition (fig. 2) as
closely as “possible tb that foufid most satisfactory’by ‘the
Zap Development Corporation in pr~yious tests ’on an Aris-
tocrat airplane. The 0.18c ailerons were hinged at “O.lgca.
With this aileron arrangement the stick forces were f&i;-
ly large in the high-speed range but, in th~ slow-speed
range with the flap down, the forces were so small that
the stick .would not return comp~etely-to neutral after 1~-
ing fully displaced. These ailerons were not tested with
the 0.20ca and (),22ca hing& positions. The 0.22c ailerons
were tested with the hinge axis located.a~ ‘o.–18ca and O;E~C~c
With the 0.18c a position of the hinge “axis, the control



10 N.A. C..A. Technical Not,e ~o. 596

forces were too heavy throughout the entire speed range.
With 0.20ca location of tti~hinge axis the O.~~c aflerons
had approximately the same variation of stick force aS did
the 0~18c ailerons hinged at 0.18ca. With both sets of ai-
lerons, in addition to being t~o heavy for comfkrrtable op-
eration ab high speed, the forces did not vary progres-
sively with deflect-ion. The forces rapidly increased with
small deflections, t-h-en~ecreased over a small portilon of
the range, and inc~eased again as maximum deflection was
approached. ,

Lateral-control eff~ztivenesq.- -The lateral-control.—— ——
effectiveness, as indicated by the maximum angular accel-
erations and velocities in roll t-hat could be obtiained
wit-h the aiLsrons ati various air speeds with the flap up
and down, was determined for -each set of ailerons. The
arrangement of the ailerons for the tests is gi=n In fig-
ure 2. The results are given in figurei 16 iii-i?, along
with similar results obtained with the standard Fairchild
22 ailerons (reference 3). Both sets of Zap ailerons had
approximately the same effectiveness, the 0.18c ailerons
giving slightly great%~ rolling accelerations ..an.dthe 0s22c
ailerons the greater rolling velocity. The aileron effec-
tiveness was increased at a given air speed by lowering
the flaps. At the stall with the flaps down the ailerons
were as effective as at the stall with the flaps UP, de-
syite tha lower speed. The Zap ailerons were appreciably
more effective than the standard ailerons for the airl?lane~

The rolling-moment coefficients derived from the meas-
ured rolling accelerations and velocities and from the mo-
mont of inertia about the longitudinal axis. obt.ain~d bY
the methcd described in reference 3 are given in figure 18-
Comparative data cn the standard ailerons are included-
The rolling-moment coefficients are approximately equal
for the two sizes of Zap ailerons and are about twice those
for the standard ailerons: The fact that the difference
in the rolling accelerations between the Zap and standar~
ailerons is small results-from the different moments of in-
ertia of the wings on which they mere tested, t-he moment
of inertia of the Zap wirig being almost twice that of the
standard wing, Part of the difference in the moments of
insrtia is attributable to the flap and part to the ZaP
ailerons themselves. If t-he tests had been made with com-
parable wing construction, i.e. , with a wing without flap,
the rolling accelenaticns of the !Zap.ailerons ‘wOul~ have
been greater relative to those for standarci ailerOnS t~@
shown in figures 16 and i7 but not so much.great-er as ~

.’

,

.

—

F
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would” be $ndicatedcby the difference izi the rolling-moment
coefficients, The maximum rolling velocities would be on- __ __ .
ly slightly affected. .

The control above the stalling angle-and the yawing
characteristics were obtained from observations %y the pi-
lots. They reported that the zap ail,erons gave very lit-
tle, if any, control a30ve the stall and that the yawing
action due to the ailerons was adverse and of the magni-
tude of that for the standard ailerons,

Lateral-control force.- The stick forces required for
abrupt. full deflection of the ailerons were recorded at

--

two air. speeds, one in the low:spepd range where the foroes
were satisfactory and one in the high-speed range.wher6”-fhe”
forces mere considered heavy. ~he data are given in the
following table: . .

0.22c ailerons ““0.18c ailerons

v Control force v Control force
m.m.h “. 1%. mu. h. l-b.

Flaps up 50 5:8 52.5 4.0

98,7 14.6
.

Flaps down 42.2 4.8 40.6 3ql
.

‘73.5 13.7 7’4.6 9.0

Tests with Zap Flap

Minimum sueed.- The minimum speeds of the airplaqe.
with the Zap flap Up and down were determined because the
values of &aximum lift coefficient given” by the tunnel
tests did not correspoqa to those for the airplane as
flown. The horizontal tail surfaces were not,in--place
during the tunnel measurements and, prior to the flight
tests, it was found necessary to taper the inboard ends Of
the flap (fig. 1) to reduce vibration of the horizontal
tail surfaces. The flight data for the two flap condi-
tions are tabulated below:’

I
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[Propeller stopped in vertical position. We$ght, 1,600 lb.]

==F=T==

.

.

Flnp dawn I 38.8 I
2.34

—

As was the case with the Fowler wing (reference 1)
the maximum lift coefficients obtained in flight for the
Zap wing were appreciably greater than those ob~ained in
the full-sc~.lo fiunal~ A compari&on of t=e flight “and”-
wind-tunnel values follows:

CL
max

)?light .-

J?ull-scale tunnel (no hori-
zontal tail)

Full-scale tunnel (Iiail .cor- .-

rection app~ed)

Flap up

1455

1.49

Flap down

2.34

2.27

2.2.4

An investigation to determine the cause of the dis-
crepancy is being made. Preliminary results of this inv-
estigation indicated that at least a part of the discrep-
ancy was caused by the fact that in fllglzt the maximum
lift was obtained by slowly increasing the angle of attack
until the stall is reached, whereas the mind-tiirin-&lmeas-
urements were made with the airplane stationar”i.

Take-off characteris$~c~.- Ft.gur~.19.gives.tBe effect.——_— -— .-—
of flap position on the t~ke-off.ground run and distance
required to attain an altitude of 50 feet. Pri.or.to the
take-off @sts, flights were made to determine .%he” reading
of the _pilot Is air-speed indicatur at the .stalJ- with full-
throttle tir ea”ch flap -@osition. In “the take-o~f.run.s the
tail skid was raised off the ground as soon as possible.
During the acceleration run, the fuselage tias held approx-
imately horizontal until a speed 2 or 7 miles. per hour in
excess of- t-he stalling speed was reached. The pilot then
pulled the airplane off the ground and maintained as clOse-

,

.

*

-.

I

-1
I;
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lY as possi%le the take-off speed. until he attained an al-
titude of 50 feet.

— .

Figure 19 shows that the flaps produced a consid.era-
%le decrease in both the ground run and the distance re--
quired to clear the ground by 50 feet. It should be noted

—

that the flap position for t%e shor-~est takeLoff rtiriwss-
critical~ The minimum ground run occurr&& with the flap
down approximately 24°. With this setting the r’un was” 365
fe”et as compared “with 475 feet with the” flap up. The run
required from the -start to clear the ground Fy ?50 feet was
shortest with the flap down approximately 20°. With this
setting the take-off run was 715 feet as co”mpti’red-wrth
1,025 feet with the flap up. The airplane tias incapable -.
of taking off when the flap was ‘down i“ts full exte-nt, a
fact to be e“xpected from observation of figure 15. —

.

Landtng characteristicS.- The Zap wing was investi-
gated for normal braked landings, which is the type of “--” ,.
landing a pilot would make after he had become familiar
with the handling characteristics of the air-plane. In the
landings, the distance traveled in the air from an alti-
tude of 50 feet to” ground contact and the ground run ~e~~”
separately measured. Landings were made with flap up and
flap down and the results of these l~ndings are-–given in
figures 20 and 21. ‘%it-h the- flap up the minimum landing
run was 1,071 feet, of which 672 feet were air run ant 399
feet, ground run, The minimum air run and the minimum
ground run, with the flap fully down, w“ere each. 24.3 feet*
From these results it can .be seen that the air run was r“e-
duced 64 percent and the grcund run 39 percent %y the use
of the flap. The total reducti”~n f.~ ’landing 5uii w=585
feet, or 54.5 pe”rcent. .

.-

I?lam control force,-.—..— The force required on the crank
to operate the Zap flap was practically cons-tant for the

.—

full range of deflection and averaged approximately 3
pounds, It varied, slightly with speed but, up to a speed
of 70 miles per hour, did not exceed 4 pounds. The force
applied to the leading edge of the-flap parallel to the
slide was 43 times the force ofi the cranki Past expedi-
ence has shown that the control force could be about twice
as great and still be considered satisfactory. For this
reason it iS concluded that the gear ratio in the Zap
flap-retracting mechanism could be changed to Permif the -
flap to be raised and loweied with half the-pre~ent num-
ber of turns of the operating crank without increasing the “’
operating force to an unsatisfactory val”tieo .-

,.. ——
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3

I
/ Effect of the #’lam on the..lonqitudinal-control char-
~“ &6terT~tti*- The Zap flap as originally installed” caused
;. considerable buffeting of the horizontal tail surfaces.;:
,. Observations made.during the tunnel tests showed that a. :.

series of.vortices with axes ?arallel. to the wing s~an;
were shed by the trailing edge of ..t.h.eflap and impinged

,,. directly on the stabilizer. The buffeting was eliminated
~, by tapering the inboard ends ofbhe flap from ppi-nta &tlt-

board of the tail-surface span. (fig, 1). The large sta-
.. bilizer @eveloped in connection with the Fowler test-s of

l“eforence 1 was used with the Zap wing.:i No difficulty

f wss experienced.with the longitudinal. stability or con-
trol characteristics, although lowering the flaps tended
to make t~e afrplane balanceeat a lower angle of attack
for a given stabilizer setting..

CONCLUSIONS

1. The Zap flaps increased the maximum lift coeffi-
cients of the airplane without the ailerons or the hori-
zontal tail surfaces from”l.48 to 2.79.

.2. The meesured minimum speed of the Fairchild 22
ai.rpls.ne wss reduced from 48.2 to 38.8 miles per hour by
full deflection of the fle.ps.

:, The landing run from an altitude of .50 feet .w~s
reduced from 1,07’1 to 486 feet.

4. Th= flaps reduced the distance requjred to take
off and attain an altitude of 50 feet from 1~025 to,715
feet, the minimum distance bein~ attained with approxi-
mately one-third flap deflection.

5. The Zap ailerons tiere shown.by the w“ind-tunnel
t~sts to causea large increase in-the dra~ of the air-
plane, at- ~, lfft coeff-ticient and Reynolds Number corre-
sponding tn”high speed, the 0.22c ailerons increasing the
drag coeffic.iept from 0.0472 to 0.0514. Computations
showed that t-his drag increasO will reduee the high speed
of this airplane from 113,8 to. 104.2 tiiles p8r hour.

6. The’ shorter-span ailerons produced a.slighily
greater drag than the larger ones.

. .-

—

.

.

—;
.

I
.

.

‘7. The flight tests showed that the Zap ailerons

.
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gave satisfactory rolling action throughout the normal-
flight range but gave very little, if any, control above
the stall.

8. The stick forces required for the operation of
the ailerons were too high for an airplane of the size of
the Fairchild 22 airplane. Also , the variation of stick
force with deflection is irregular and not linear, as
would. be desirable. .

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., March 4, 1937.
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TABLE I

CHARACTERISTICS OF FAIRCHILD 22 AIRPLANE

WZTH A ZAP FL”AP AND ZAP AILERCNS
.

wing: . ... . -—-

Area,S. . . . . . . . . . . , . 171 Sq.ft.

Span,% . . . . . . . . . . .0 . 32 ft. IC in.

Chord of %asic airfoil, c . . . . 5 ft. 6 in.

Aspect ratio . . . . . . . . . . . 6.3

Airfoil section . . . . . . . . . N-22

Angle of-wing setting . . . . . . 1°

Dihedral . . . .. . . , . . . . . ~o.

Zam flap: ——. -..

Total area. . . . . . . . . . . . 40,8 sq.ft.

Span, bf- . . . i . . . . . . . . 13 ft~ 6 in.
. . .

Chord, cf . , . . . . . , . . . . 19.7 in.

AileronS:

Maximum deflection , . .
.

Area (each) . . . . . . .

Span (each) . . . . . .

Chord, Ca . . . . . . .

Balance . . . . . . .

Neutral settiing (relative
to wing chord) . . . .

—

.—

T6 -**--- 590
. .

Q>18c 0.22C

8.75 sq.ft. 8.85 sq.ft.

8 ft. 10.3 in. ? ft. 4 fn*

12 in. 14.625 in.

4.2 in. 4.? in.

. ..* ● up 3°

.

1
I

-.

.

“

De&lection from neutral . , . . . up 300
Down 15°
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TABLE I (Continued)

.

.

.

.

.

.

Stabilizer:

Area. . . . . . . . . . . . . . . 27 sq. ft.

Span . . . . . . . . . . . . . . 10 ft.

Deflection (relative to thrust
axis) . . . . . . . . . . . .

-.
up to 4.1°
Down 2.5°

..——

Elevator:

Area . . . . . . . . . . . . . . 10.4 Sq.ft.

Deflection (relative to thrust
axis) . . . . . . . . . . . . Up 28°

Down 27°
Distance from L.E. of wing to

elevator hinge . . . . . . . . 14 ft. 7 in.”or 2.59c .~-””’”~__

Fin-.— ●

Area. . . . . . . . . . . . . . . 4.1 Sq.ft.

Rudder :

Area . . . . . . . . . . . . . . 6 sq.ft.

Deflection. . . . . . . . . . . . Right 20°
Left 20°

Weight data:

Weight”. . . . . . . . . . . . . 1,574 to 1,600 lIJ.

c.g* position:

Aft L.E. of wing 18-1/8 in. 27.5 per-
cent c

Below thrust axis 5/8 in.

Idoment of inertia about longi-
tudinal axis 1,182 slug-ft.a

Four-cylinder inverted air-cooled, cirrus

Rated horsepower 95 at 2,100 r.pom.
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